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(54) TIfle: BOOSTER CIRCUrr 



&mm^ Mos 




Vout 



^ A... SUBSTRATE CONTROL MOS 

B...BASIC PUMP CELL 
^ C...GATE VOLTAGE SETTING MOS 

(57) Abstract: A booster circuit of a nonvolatile memory requiring a plus or minus high voltage higher than the power supply 
2 voltage. A high voltage of about 12V can be generated from a low power supply voltage of 3V or less and a minus high voltage, as 
^ well as a plus high voltage, can be generated using the same circuit When the inventive booster circuit, i.e. a substrate control type 

parallel charge pump, is combined with a series chaise pump, two kinds of high voltage can be generated efficiently and the chip 

area can be reduced. 
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m m m 

10 Flash. EEPR0M<D/F^^147{^y (D^-g*. Write^iCfi, h ^'^/V^JPiXfiJi^ 

JOURNAL OF SOLID-STATE CIRCUITS. VOL. 32, NO. 8. AUGUST 1997 "A Dynamic An 
alysis of the Dicson Charge Pump'tfJ^^^ ^^^tbTV^S J: p ^^MltSr^ 

15 Hj^-^smos h^vi;?;:^;^^ (^1^, rh^v><.>'T— mosj ) ^^j^-r:^— 

K^^bfcDicson3y^i'->^7K>':7°;iS-^S<j}^^P,;jxX*$i9 . Isl^^^tj^^ 
}^:BgWJ:^^ <fc<^ffi$;JxTVNSo l^lls El 2 l^DicsonM^^-v?:!K:/:7'(D# 
^^=Sr:^b;feo 0 1 f*±IBIEEE:5:fifeo4'T-^)IB«$tbTVN5li!£;^y^n ly^M"^ 

m<D^^—:^mi^C-LK^mV'f'^o CLKi:CLKntt. |gl 3 (7? J: 5 t-^B^t 
(Dmm^i^^o CLKn;6S'High"-eCLK:dS-Low"(7)B#. 1^, 3S(D^#:^ 
♦ (D K^-r>^«&:&Syw-;^fl;^J;l9iftV^^, •^#[^(0 nMMO S h^U^iymM 
t^^tvCl, C3(D^Wi^AKmmt^^^-i^^tlZo aS^}c:CLK;&5-High"-t?CL 
25 Kn^saow^iT)^. 2^. 4^0fS^^(75 K W :/«#::&Sy^;x.®^ j; 0 iii< 

D > m^m<D nmuo s ic k >mm7!)m^. ^^mmi, czib^hm^m 
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»C2, CAmm^mWjir:^, 

r <7)Dicsoi^^-y — i;^7K>^y^^J5fe UTVNS n^MO S h 7 l^iP:^ ^(DV 
# V HttmjE^Vt <!r -t-^ . l±i;^«EVout{i. 

5 Vout= (Vcc-Vt) XN+Vcc (1) 

N : mm, Vcc : mMMB 



tm-r:iti^X^%^o U^^b. W;^ffiy{cig<5< Jdo^nMOS h7:^v^;^i5^<0 
10 ;i:{J:J:'SNMOS h 7>'-:^;^:?(^L#vHit«JEVt;JS^ (2) -e^$;^5J;5(^ 

Vt=VtO+7(-j2<f>f+Vsb -^20f ) (2) 

VtO : Vsb=0V^OVt, *f : f7*;^FKF7xjl^-;2p^ 



Vout_max(=Vsb)= ( Vcc-VtO ^ ^2 * f )2_ 2 <i. f ( 3 ) 

20 

^ ( 3 ) J; «3 #Jffi]i::^«jEEVout_max^#tii-e# -So IS 4 KWI^^Vcct^ 

m^m«JatVcc^c•|^#b•r#H«jEVout_max;6S^*<irv^5 C i:^st?^*.5o 
DicsonM'5^^-S^sK:^7'(;ogfi:^iS^t^f^$tb-CV^So #13^1 1-3 0 8 8 
25 5 6 r^-r— v^5j^V:7'|sIi^^Mj Tf*. nMMOS^^^(Di5'Vu— :7"{C:$>ilL 
TS^fc^S^^I^-^r < -fS vl i J; !9 mmM^K J; -S n^MO S Vt(0±.^ 
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3 

*fc^ #18^1 1-308856 r^^— i^;t?:/:7^tHli^^gj tcfes J; 5 ^fe 

•9 St^gijm<^^^ K.^X^iz.Vfctl.Xh. -^WccD -f(o^ -evsb=o 

■*fc. #M 2003-45193 T^fs^^^z^^j^— i^:/[plg§j3 j^tK^F^^ 
tt^i^^^^lB'It^aj Tii. tu^S<Z)f=-Y— v?mffi^nMMOSO^;K«-l£i-r 
15 sb(iii>7'^ < t> 1 ^5>omBElii|iIffiVga(=Vcc-Vt) ^ t) , S^K^^filSi^-rS 

20 
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12112 2'f&iiCLK^^tHl^ 

mis 7^B^(^||2C0|IJt^?y-t?fo;5-x'^-^;:<.jejE«ffi|S^^^— i;?:^^:/:/ 

20 ttsm^^Bji^ 
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018 ^^m(Dm5(DmMmt:^i-:f7:^'^^'r:^ms.m.^^±f'^->^ 

Mo 
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If T/^ 5/ ^ b ;5S |^fI # <^^PP ^lr#o h(0\tn MMO S F E T Sr^f o * 

:2j5:®ig^#t?J±MO S F E T (Me t a 1 O xide Semicond 
uctor Field Effect Transistor) Sr^BS-bT 
MOS t-r^o *M^PJf*-J^}Cf^MI SFETtc31ffiT'^;5 

10 o 

15 ^fe^lCifejUlf S h^:/;^:7T— MOS (TMOS) i:. TMOSOS^K (l^^i 
J^bhmo) "7^^:7 7 —MO S<DVu^ >'X(i y — tc^j^fS^J^Iel 
ie&©^S:fiJ^:^fc-rstK$iJ#MO Si:, h 7 :7 7— mo s oy- hm-fflt^Sr K 

i^-f >i^^m-t^1^m^^<D^^]^^fc-r^— hWJEE^^MO S i: . TMO S 
:^^ib^m^th^m^^^^—i^ir^^^—i^^M (C) ^2VCLKX{i2V 
20 CLKn(DmiiL^TMOS(D^—hicm^^h^ly:^-:^T'-^—h^M (Cg 

) :d^b#ij^^tLSo ^-ni. TMos(D^—h-d^^m(D^—hfism'^Mos(D 
^—h\^i^m.^th:^o is.v. i^n^'—hmmm^Mos(Dy-hit. tmo 

mmmMO S RXJ^^— h m&mMMO S f*. n mo S ^-feffl L^o 
25 25te(D^n5/i>{t-^CLK. CLKn{i»jf^«jEV c c %Mi|)I<bi-S, iJ^ n 
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rn^V c c(Dt^\-i:, CLKn«0 Vt?fc«9^ ^ n yrJi'-ft-f-c LK^JS o V(Di: 

2:|^(7)^i3y^fi-f-2VCLK, 2 VCLKn«i!if^«i£(0 2{f-T?fe 
5 5 2 Vc c^Mtl^i-So CLK. CLKn ^|rI^I;i. 2VCLK. 2VCL 

IDTOCLK X1S8^^C*3V^T{*. CLK=OV. 2 VC LKn =2Vcct ^fe^SOT* 
b^^^;^:7T^MOST*fcSy— hn Smfif*, 2Vcci^>^_bi:/^ f9 T 1 «ONU 
10 ^ Vccd^ ^ 5^ ^ - C 1 $ tb^m^ n 1 «ife(iVcc };i S „ 

t 2. t 3f*OFF-rS„ -Sfci. nMOS<5^— h;5SVcctc^J^$tb-C:fc9> 
K Iz-f :/X?* y — ^ 5 n 1 m^^sVcci^T<Z> t 1 fiO N h'^l^y^ 
15 7T^MOS-t?fe^T 1 OS^«^n 2f^n TMOSO KW 

MO S OVt0f*3i^Vcc*?jiT*fe «9 . h 7 V;^ 7 T — nMO S <^y— b tt^^-Cfe 
5 n 3 ;&S2VcciJX± ^ S r i J: «5 VtOO n < n 1 m^jmc:^ t?_h#-r 

20 2^g(c*3VNTfi. CLKn=Vcc. 2 V C LK=OV^ — i;'^ 

*C2t3:^^-i;?$;^bTV>:5mi^^S:Q2^i-;5in4m<i:Ji (Q2/C2) + 

yh^-rS^i:. Vcc+ (Ql/Cl) = (0 2/0 2) =2Vcc^ s n 
4 «^(*3Vcc i: D ^ n 4 m^2:> n 1 m^SlCJfeS ©T* nMO S h ;dS n 4 m 
25 ^a:JC^^$tLTVNS t 5;6SONb. nMO S<>"- hd^n lmm^^m^tlX\^'^ 
5t4ttOFFi-5o t 5;dSON-t-§^i:-e h7:/;^:7T — nMOS T2(7? 
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m^mULn Situ im,iiLtts:^o *fc. nUOS^tf—ht^nSmm^^^^tb 
TV^;5 t 6t*ONU T2V—hm^X'h^nemm-i. n smOltti:^ T2 

3mMum(D^m. (2N-1) ifeg (N{*, m±) i^sii^D<T 

5 MOSJiONb. f-^— i^mmCi 2 tTMOS (DW^m^n. VccX(2 

N-l)i:/^5o ^/d. M^2N^S{*. TMOS^OFFb. 9^^— i;?^»C 
( 2 N) i: TMO S (D^^M.n. Vcc+Vcc X 2 N ^ 5o 
I2I8<DCLK X2^^^^:*5V^-C^*. eLK=Vcc. 2 VC LKn =0Vi!?'jJ-5<D-C 

3f:iONu nMos(Dy— ^m^2:n 3Rummm&:n2m 

cc tf£^. Tl«OFFi-So 

2®glC4oV>Xtt. CLKn=OV> 2 V C L K=2Vcc-en 4 m^4f*2VccOT 
^TfeSco-Cn im^^n 4li^^/j;!9 n 1 mto^nMO S <J^— h }^:^J^$;^^ 
15 ^t4;6SONU n4-m,m^nMOS^—hKmm^nfct5 7!)^OFFir^, 
:Ltl\^X^. h'^l^y^-^T—MOS T 2(DmUmi±n5nTL4imMLtfJ:^o 
Vcc^/.CoTV^Sn 3m^£/6SnMOS>{^— b(j:^J^$;h.yc t 6fiOFF 
^ t) > n 6 m^S:flXl»!^"t?Vcc t ti:ofcmm^. 2 V C L K=2Vcc;&Sfc $ ti3 
Vcci:^=e«9 T2;iSONt-So ^1 J; «9 , 5^.-^— i^^*Cl ;ei^e> C 2 icflll^^^ 
20 ^IbU n 4m^i}**^6^tc2Vcc^/.eSo 

S^emo-^^ (2N-1) (Nf*. m_h) 1^S^|1ID<T 

MOSfiOFFb. '^^ — i^^AC(2-N-l)tTMOS(Dmm.M,it. Vcc+V 
ccX(2N-l)^7^^So *fc. •fS^2N^@Ji. TMOSfiONU ^^—i^ 
^fiC ( 2 N) TMO S (DW^^Vis VccX 2 N ^ :^j;5„ 

S@(^TMOSy— h«i£|S^MOS<D'J/*— hfi, (N-1) ^S(^TMOS 
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5 ^^5t?#So 

Vout=VgaXN+Vcc (4) 

N : Vcc : mmJEE 

10 i^T\ mmmmmygai^. *±vcct7fe5„ vounci^^mm il i)mtLtcm 

ZlV= (I LX t) /C (5) 

C : i^^K^':/^*, t : CLKi?--r^7W^K 

15 

(5) ^x-m^tircAv(Dms.^T7!)m^^(Dx\ 

Vga=Vcc-Zl V ( 6 ) 

20 Vga{:i (6) ^0<fc pl-'fc'So 

m7(D^1^mM.\t. nl=n2=n5=n6=~(Vcc-ZlV). n3=2Vcc, n4=3Vcc-2zjV 
tts:^^ m8<D^^M^\^. nl=2Vcc-Z]V^ n2=ii3=Vcc^ n4=n5=2Vcc-2ZlV 
X n6=3Vcc-^Vi:?fel9. #^<^)^^— i?^4<b TMO S t (D^i^;^nl. n4 
25 (mm X zlV) (^«JE^£T^S § , 
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1^^*(CLOAD)=100pF(D^#-C. ffl;i2i«i£Vcc=l. 5V-e^l8. 5V, «M«JEVcc=l. 
3V-C^15. 5V^ fj: V) . ^gi«M«JE^-*3V^T ^ V (Dm^. WritetCigJs 

Xmmir^o 2mmC]Jm^m^m. lll5~Bl8-e^UfcCLK. CLKn^^fe2VCL 
10 K. 2VCLKnSr^ife-t-§IeI^-efc5„ :i© 2^JECLK^^lHljS&tJ:*3VNT t>^^ — 
i;?7K^^7':^^^'teffl U h7:/:^:7T— MOS ^ L-CpMOS=S:'6£fflU:^o C 

/^Si:. n 2m^;&S2 XVcciJ:f^«9. h ^ :/^:7t — pMO S^— h 2« 
20 ^ 

t y-;^f*> TMOS i:^^— v^^»Ci:(0^i^;^cDjSfii<l!|^TMOS</— 
^J^^tLTVNfc;dS, igi 3(D-^^^:^^S.(Dm^i-is TMOS t^^—i^^^A 
25 C<D^^^i:TMOS<>^— hic^jf^UfCo *fc. HI 5 (^:/^;^#iSf*. CLKi:2 
VCLKn. CLKn i:2VCLKds^Tie:?:e-pt:#:!jf>'::^-fe;v$r$iJ^U-rVNfcd^ HI 1 3 
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(D^^'r:^M-l£n. CLKi2VCLK. CLKn i:2VCLKn ;^s^7•^^:?'^oT^^^?i/y^■fe/^ 

^fc. N^@<DTMOS<>*— hmm^^OS(D<5^- hfi. (N-l) ^@ 
OTMOSy-hi:^j^UTVNS^S, 1 ^@ (DTMO S hmffi^:^0 S 

cLKn tmmi^mmvito ^m(DTMos^-hmmn:^Mo 
10 13 1 4 . 1 5 vxwai^^mm-r^o mi^ (dcly. ximmic^^'^xvi 

. CLK=OV. 2VCLK=0Vt;^^^9^ l^g b ^ >^ T— MO S (D-if— 

VN-5<^-t?. hmjBE^^MOSttONU n 3«^i n imm^W^m^tl^ 
o SlIf^4'l^::feV^T^*n llH^&f^x -Vcc~0 Vfofc^ODTx Tlf*OFFi-So 
15 *fc. T KDS^^m-fen 2J*, t2dSOFF. t 1 *SoN t *) , n 2m^i 

n immi^i^B^tv^o 

2^S{i, CLKii=VcCs 2 VCLKii=2Vcct7'^«?s T 2 h n 6 

iiLXh^nS^-i^ m-VccX t e\~iOFFi-^(DX. T2J:j:ONb. n 4mi± 
20 n im&^I^C-Vcc^-etC^fe^o ^fz. nbmmt. C LK;D5VccJC;^o 

:fcE^JJi:J3VNTn4m#:t*s n im^i:«3J?^Vcci^VN<D-e^ t5;6SONU n 

5 m^fc}* n 1 «^ ^ Cl^l 5 o 
HI 1 5 (^X2^K-C{:i. CLK=Vcc. 2VCLK=2Ycc^7fe«9x nSm^i^ 

2VCLKtCj; !9-Vcc;$^?>Vcc^7fc§„ ^fc. t 3 «CLKn=OVJe:J: t) OF 
25 Fir:b<DX\ Tlf*ONU> n 1 mmtOY\cfj:^, ^fc, n2S&«. CLK 

mcc\z.tiofcm^\^^\f^X n 1 n 1 m& J; 19 mcciSV^O-C. t 2 ;&S 
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O N n 2 mi<LmY tti:^o 

2©gf*. CLKn=OV, 2 VC LK n =0V^ 19 . T 2 (D>^— h n 
2VC-LKK^<omoy7!}^h-2Ycc^m\^ti:^o "^tc, n4«^{i, CLK 
niJlit) -Vcc;6>P>-2Vcci7fe!9. t 6 (Z)^— hS^n 3 =Vcc?5:(Z)-C, t 6 
6 ONl.n6miiLtn4mm^1^m^tl. T2«OFFi--5o *fc. nStt^f^ 
t 4:dSON-r6i ^fcj; 19. n 4m^^llIC-2Vcc^ J^£-5o 

o 

10 Vout=VgaXN (7) 

N : mm, vcc : mMms. 



El 1 7 le::^ UfCo 

1211 6 fi. 7'^;5^<7>#JSE^^— :;^7i^>':7^lHij^T'fe!9> tmos. S^KfO^M 

osm^^—vms.m.'^MosKvyios^m.mx^f^o *fc. cLKt2vcLK. c 

20 LKn t2YCLY.n(Om^<D^ n y ^ ;6S^Tte:jfeoT^jK>'7'-feyV'^^J|^i--5 ;i ^ 
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X\^^^(Dt. CLK^2VCLKn. CLKn t2YCUi(D^^(D^ G ^ 7b^^TI,Z.fj:oX^ 

o mi 6(^pMOS^^^Uyh>^^;^#JE|Hl^ti. mi 4. mi 5(7)nMOS 

Lfc-v^':h;5^#iE[HlS&fi, m 5 ~m 8 (D nMO S ^^J^ L^fc:f^ y^^J£m^ 

^^^tt^^y C0$iJ^t^*DVNT. '9^!l;t(^m*B#Jc«-?-r^;^l^.BJE. write 

ov^u mi 8&m7i)^mt)tt£^o y^:^RU'^^'ry^mm&m^M^, 



wo 2004/047274 



'CT/JP2003/012336 



15 

■^^^^mmx^^^mmcD^ e (ommm^m 1 9 i^^-to mi 9 i^cDmmu 
h ^ 7 T — p MO s ^-Y- 1 (Dmm,s.(Dm^xo n 

M^^— i^2KV>^OC LK^t-i-e, F^$i5E^J:/n 5^^ 1 ^ l*I§l5il:^(I>^n 5^ iJ^ 2 
10 0 2 1 tc, ;$:^ig(D#JElElj^^^ft Lfc I C;^— K<Dxn— Kt>ac:T«^^:^ 

Xfi^^ i« ^ i-^ E E p R OM. z^^^y-^z^L^^v — $ ^ 
25 •:ffi:^xmf%^fi^^<oxh^. 
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^ ^ (D ^ m 

WiW.^^^:^y'-^Mt^ ^pfS:< th^lMl S FET<!:, 02MI S F 

SuIBB 1 M I S F E T<D/^ ^ Vl-tmU— Kiei^iEU. ^(D y — 

10 ftiriBM 3 M I s F E T <JD/^' ^ h i-mmm 1 y - Ktr^^ ^ 

2. ti:^^«lia<fe©#BE|II8§T'feoT. 
15 MiBm 1 ^^^<^y^<o--mmim^ 3 y - K}c^i^ ^<^fM(c:«» 

Miam 3 y - K;$s, i5^^0H&lB^:2|s:/K:^7'-fe/K^^ 2 / — MJl^i^i-S 

20 3. t**«2|Bm(^#JElHli^-e&oT. 

BulBS;^|s:3!K^':7'•fe/HiMi^:^ ^4MI SFETi:^ ||2<^)^^x'?v^^ i; 

ty|2^ 2 ^^/■?iyi5' *Sf*BUl3|| 1 M I S F E T (O^^ Y b^ 

^(om^Kvm^Wi^m.^ t m^m im i s f e t (^ii-fitimff o^fp ^^h± 

25 ^JfemflEMiIiI^Wb, J.03§|B^li5'niyj?i:igfr;j:@-C'fc-5M2i5'a5/i:7;65A:^ 
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B&iEm 4 M I s F E T (^^-^ y h nmmm i / - }^\^mm \^.^(o 



SfrWfi^2^-r^>°v'i5'(D— iiS«SiIIB01MI S FET(^<5^— h^C^J^b^ 
10 ^ fiHuia»f^mJEE <i: MIB^ 1 M I s F E T <^^{iam<?5^ J; t> 

HUlB^4MI SFET(Dy-;^ KW^-^l^fi, ttflBm 3 / - K <b HulB 
^ 1 M I s F E TO<J^- h t o:>m\^W^ (Dy- h k-mWi(Dm^m^^s:y 

5. M:*^l|B*fe(^#jE|HljiST?fcoTx 

HUlB^ls 2s 3, 4M I S FETtinMM I S F ETT'fcoT^ 

Mla||l> 2, 3. 4MI SFETfipMt^MI SFET-CfcoT^ 



5 



25 

7. 
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t&l3^1^ 2, 3^ 4MI SFET}^nM<DMI SFET-efeoT, 

8 . 1 ^^:f2^(^?#JE|al^S-C^>oT^ 

5 tfrlB^ls 2, 3. 4MI SFETfipMcOMI SFETTfcoT, 

9 . m^m 3 ram<^#JEEIlIii§-e$>oT. 

10 mi^^^u 

nM-efc^ MI S FETir, BUIB MI s 

-M I S F E T i: 5/ b ^ tr^^-t-S^^?^lHlSSS:^i-5 h i: 
25 -t-S#J£ls]ligo 
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1 2. mH^mi lt;:|Sm<^#BElllSST'feoTs 

BfrlB^^HIi^f^is ^ 1 ^mmu I S F E T ^ 2 S;^M^^M I S F E 
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